I -METHODS FOR ABSOLUTE MASS AND ENERGY MEASUREMENT
It is now possible to measure the absolute mass and energy of field emitted ions with high precision using the pulsed-laser time-of-fligh atom probe /I/. For this purpose we recognize the fact that the maximum kinetic energy of field emitted n+ ions is (neVo -A E~) where Vo is the emitter voltage and A E~ is the critical energy deficit of the ions which is given by When the emitter is a semiconductor, the work function @ should be replaced by the electron affinity Ea. To determine accurately the absolute mass and kinetic energy of the field emitted ions, one measures the onset flight time to of the flight time distribution of the field emitted ions, i.e., the flight time of the most energetic ions taking the shortest flight path to reach the ion detector. If the ions are not subjected electric field in the flight tube, then the mass-to-charge ratio is related where C = 2e/,t2 is the flight-path constant, 6 is the trigger time-delay constant, and R is the shortest flight path of the ions. 6 accounts for the fact that both the trigger and the ion signals take time to generate and to transmit through the connecting cables. C and 6 can be determined with great accuracy by measuring the onset flight times of pulsed-laser field desorbed gas ions at different emitter voltages, and then making a linear plot of to vs [~/n (Vo -A~~/nefl'/~. According to the slope of the linear plot is 1 / f i and its intercept is -6.
The problem now reduces to determine accurately C and 6. For this purpose it is necessary to have an electronic timer of good time resolution, a dc power supply of good stability and a high precision measurement of the emitter voltage. We use a LeCroy 4208 TDC of better than 1 ns time resolution, a DVM of 5 1/2 digits and a dc power supply of 0.001 % stability. The entire flight path is carefully shielded from an electric field, and every precaution, such as the tip positioning and the flightpath length change due to thermal expansion by a room temperature change, has to be 2 ) . Accurate v a l u e s of C and 6 a r e determined from a l i n e a r p l o t of eq. ( 3 ) using t h e measured values of t o f o r He' , N2+ and Ar+ taken a t v a r i o u s voltages. This s e t of d a t a a r e l i s t e d i n Table I 
t o g e t h e r with o t h e r s e t s of d a t a . For our pulsed-laser atom-probe with a f l i g h t -t u b e of 4.2 m, t h e b e s t f i t v a l u e s obtained a t a s p e c i f i c t i p p o s i t i o n i s given by
It i s important t o recognize h e r e t h a t t h e method presented h e r e is based only on t h e a b s o l u t e mass of He+, N2+ and Ar+, v a l u e s of which a r e derived from a standard isot o p e t a b l e . A l l o t h e r parameters, such a s time and voltage, only a high p r e c i s i o n i s required i n t h e measurement.
I1 -MEASUREMENT OF IONIC MASSES AND CRITICAL ENERGY DEFICIT OF FIELD EMITTED IONS
With t h e v a l u e s of C and 6 now being a c c u r a t e l y determined, t h e i o n i c masses of f i e l d emitted i o n s can be determined w i t h good accuracy from t h e i r onset f l i g h The values of critical energy deficit listed in Table I are derived from eq. ( 2 ) by using the value of ionic masses calculated from the standard isotope mass table. The experimental data agree with eq.
t times i f t h e i r c r i t i c a l energy d e f i c i t s a r e known accurately. O r i f t h e i r i o n i c masses a r e known a c c u r a t e l y , t h e n t h e i r c r i t i c a l energy d e f i c i t s can be determined with good accuracy. W e have measured t h e o n s e t f l i g h t times of a l a r g e number of i o n i c spec i e s , ranging from g a s ions, metal ions, semiconductor i o n s , c l u s t e r i o n s t o r a r e complex i o n s such a s ~h~e~+ and D~+ e t c . I n Table I , some of t h e d a t a a r e l i s t e d . I o n i c masses a r e c a l c u l a t e d from eq. ( 2 ) by assuming t h e v a l i d i t y of eq. (1) f o r t h e c r i t i c a l energy d e f i c i t . I t i s found t h a t t h e v a l u e s determined from t h i s experiment a g r e e with t h e s t a n d a r d t a b l e v a l u e s t o within 0.0005 amu f o r l i g h t i o n s and t o w i t h i n
(1) to within f 0.3 eV for gas ions, and to -5 1 eV for multiply charged metal ions. Thus the validity of eq. (1) is quantitatively established for all gas and metal ions.
Finally we would like to point out here that the precision of the measurements can be further improved by using an electronic timer of better resolution and laser pulses of shorter pulse width. It is possible to imprwe the precision by a factor of 10 to 20 by simply using an electronic timer of 50 ps resolution and a laser unit of 1 ps pulse width. Both of these units are now commercially available. With such an improvement, the pulsed-laser ToF atom-probe can then be considered a high precision instrument. 
